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ABSTRACT
With wool made radioactive by incorporation of cystine-3-C14 hydrochloride as a
substrate, further observations have been made on several strains of T. schoenleini and
2'. rubrum in regard to their keratinolytic activity. The four strains investigated were able
to digest the radioactive wool as the only substrate and, in addition, when membranes were
interposed between fungus and substrate in a double chambered system two of three
strains elaborated a diffusible substance capable of digesting the wool.
Cell free filtrates of one strain of T. sehoenleini and one strain of T. rubrum were also
capable of degrading wool with activity persisting over a period of several weeks. While
heating eliminated some of the keratinolytic activity, it did not eliminate all of it. The
keratinolytic activity was to some extent p11 dependent with greater activity at higher
pH values. Macromolecular fractions of T. schoenleini possess the majority of the keratino-
lytic activity but a substantial amount nevertheless is present in material of less than
10,000 molecular weight.
Evidence was presented in a previous report
(1) that several strains of Trichophyton .schon-
leini and Trichophyton rubrum possess sig-
nificant keratinolytic activity. The following
report is an extension of these observations
using wool made radioactive by incorporation
of DL-cystine-3-C14 hydrochloride as a keratin
substrate. This study demonstrates that sterile
culture filtrates of strains from both organisms
also possess keratinolytic activity which is
p11 dependent.
MATERIALS AND METHODS
Preparation of keratin substrate. An adult
Suffolk sheep (approx. 40 kg) was shorn, and
thereafter was injected intravenously twice a week
with 25 ec of DL-cystine-3-C14 hydrochloride dis-
solved in acidified physiologic saline solution. Two
batches of wool were subsequently harvested from
the animal, one at 5 weeks after the injections
were started and the other at 14 weeks (two weeks
after the twenty-fourth and final injection). Both
batches of wool were processed separately, as pre-
viously described, (2) in an isolator/lab. Aliquots
of each batch of wool were digested by refluxing
in a mixture of twenty percent hydrochloric acid
and fifty percent formic acid, and measured
amounts of the digested material were dried in
nickel planchets and the radioactivity counted in
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a low background planchet counter (Nuclear-
Chicago). The first batch was found to contain
23.89 CPM (counts per minute) above background
per mgm wool and the final batch contained 43.70
CPM per mgm wool. All wool used in the follow-
ing experiments came from the second batch. The
wool was sterilized with ethylene oxide and
checked for sterility as previously described (2).
Preparation of funqal inocula. The following
fungal organisms were investigated during the
course of this study:
Trichophyton schoenleini (American Type Cul-
ture Collection, strains 11683 and 10397)
Trichophyton rubrum (American Type Culture
Collection, strains 10272 and 10218)
All organisms were maintained as stock strains
in Sabouraud's Dextrose Broth on a gyrorotary
shaker at 30°C. Inoculation of organisms was in
the form of fungal pellets. In several experiments
prior to the inoculation, the organisms were grown
in Sabouraud's Dextrose Broth with the addition
of sterile non-radioactive wool to promote en-
hanced keratinolytic activity.
Preparation of sterile filtrates of organisms.
Sabouraud's dextrose broth in which the fungal or
yeast organisms had been grown, both with and
without the addition of non-radioactive wool, was
filtered through either Seitz or Millipore filters at
room temperature and stored at —70°C until
needed. In order to insure sterility these filtrates
were resterililed by passage through Millipore
filters prior to incubation with sterilized wool.
Preparation of double-chambered system.. In
experiment #2, a double-chambered system was
devised in which the tandem flasks of double-
chambered spinner flasks (Bellco) were separated
by semi-permeable membranes consisting of two
glass fiber filters (Gelman-Type A) sandwiched
between two epoxy versapor filters (Gelman-6429).
To these paired flasks, 760 ml of a basal salts solu-
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tion (BSS)* was added, the flasks capped and
autoclaved. When the flasks had cooled, 500 mgm
of radioactive wool was added to one flask and
on the opposite side of the membrane, 30 ml of
fungal pellets in Sabouraud',s broth and 10 ml of a
kanamycin solution (80 mgm/ml 1120> was added.
The paired spinner flasks were mounted on twin
magnetic stirrers and the entire assembly mounted
on a specially constructed, slowly reciprocating
tilt-table to promote gravity flow of liquid be-
tween the two chambers. Filtered air was slowly
bubbled into the side containing the fungal or-
ganisms and the organisms were incubated at
30°C. Aliquots were periodically removed from
the sterile side, centrifuged arid, after drying, the
radioactivity of the supernatant was measured.
The entire paired flask assembly was weighed be-
fore and after each sampling to allow correction
for evaporation.
Preparation of macromoleculor fraction of ster-
ile filtrate. Pooled sterile filtrates of T. schoenleini
11683 were unfrozen and macromolecules concen-
trated five-fold by ultra-filtration at 40°C through
a Diaflo membrane (Amicon) under nitrogen at
100 PSI. The membrane is capable of retention of
molecules greater than 10,000 M.W. The macro-
molecular fraction was then diluted two-fold with
liquid Sabouraud's medium and both this fraction
and the ultra-filtrate resterilized by Seitz filtra-
tion.
Measurement of release of radioactivity. Au-
quots taken from all flasks were centrifuged and 2
ml. of the supernatant transferred to nickel
planchets, dried with warm air arid counted for
100 minutes on the low background planchet
counter. Values are expressed as counts per minute
above background released per mgm. of initial
wool sample.
RESULTS
Experiment 1. To 480 ml of Sabouraud's
liquid medium in Fernbach flasks, the following
were added: Radioactive wool, 2 gm; Kana-
mycin, 200 mg in 10 ml of Basal Salts solution
and Fungal pellets in 10 ml of Sabouraud's
Broth.
The control flask was identical except that
no fungal pellets were added. The flasks were
incubated on a gyrorotary shaker at 30°C. The
radioactivity released at 14 days is portrayed
in Table I in terms of counts per minute per
mgm of radioactive wool added initially. It is
apparent that all four organisms release signifi-
cantly greater amounts of radioactivity than
is released by hydrolysis (control) of the wool.
Experiment 2. Using the double-chambered
*Basal Salts Solution (BSS) contains per liter
of glass distilled water: K211P04—1.5 gms; MgSOe
7H0—.025 gms; CaCh—.025 gms; FeSOe 71120—
.015 gms; ZnS0-7H20—.005 gms.
system with interposition of appropriate filters
to prevent passage of fungal organisms, but
allow passage of diffusible substances, the re-
suits shown in Table II were obtained. All fig-
ures shown are corrected for evaporation of
fluid. It is apparent that T. .schoenleini—strain
11683 and T. rubrum—strain 10272 are cap-
able of elaborating a diffusible substance which
can cause wool degradation with release of
radioactivity. On the other hand, T. schoenleini
—strain 10397 does not appear to elaborate
such a substance. In addition, the fungal or-
ganisms which exhibited release of radioactivity
from the wool on the other side of the mem-
branes also exhibited luxuriant growth while
the strain which did not release radioactivity
from the wool showed virtually no evidence of
growth.
Experiment 3. Table III presents data
showing that cell free filtrates of T. .schoenleini
(11683) and T. rubrum (10272) are capable of
slowly releasing radioactivity from the radio-
active wool over a period of 15 days in far
greater amount than is released by control flasks
of wool and liquid Sabouraud's medium. The
release is a slow sustained process and at the
termination of the experiment had not leveled
off in the ease of T. schoenleini, although there
was some suggestion of leveling off for the fil-
trate of T. rubrum during the period from
9—15 days.
Experiment A4. Table IV documents results
of a long term evaluation of the keratinolytic
activity of three samples of the sterile filtrates
of T. schoenleini 11683. There is leveling off of
activity between the fourth and sixth weeks.
Experiment 5. Table V records the effect of
heating upon the keratinolytic activity of the
TABLE I
Release of radioactivity from radioactive wool
(4 mgm/inl) in liquid Sabouraud's medium by
fun gal organisms after incu&ation at 30°C for
14 days
Counts per minute released per nigm of wool
Control
(liquidSabouraud's
medium +
wool)
T. schoenleini
Sabouraud's
medium +
T.
schoenleini
10397+
Saboiraud's
medium +
wool
T. rubrum
10218 +
liquid
Sabouraud's
medium +
wool
T. rubrum
10272 +
liquid
Sabouraud's
medium +
wool
.07 1.91 .65 .77 .21
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TABLE II
Release of radioactivity from radioactive wool in BISS (.625 mgm/ml) by
various organisms in double-chambered system at 30°C
24 hours
3 weeks
6 weeks
15 weeks
Counts per minute released per mgm of wool
Control
woo1 + BSS)
F. sckoe,sleissi 11683
+ IISS + wool
T. sckoenleissi 10397
+ BSS + wool
T. rubru,,, 10272
+ BSS + wool
Sa?le
.30
.35
.62
Sax1e Average
.19 .24
.30 .32
.38 .50
1.34 j
Sa1?1e
.37
.46
.84
Sarn?le
.37
.25
.50
4.19
Average
.37
.35
.67
Sam?le
.24
.38
.45
Sa1e
.32
.64
.45
1.00
Average
.28
.51
.45
San?le
.16
.56
1.77
Sa1e
.25
.63
1.02
2.57
Average
.20
.59
1.39
TABLE III
Release of radioactivity from radioactive wool by sterile filtrates of
T. schoenlejnj (11683) and T. rubrum (10272) at 30°C
Counts per minute released per mgm of wool
Control (wool+Sabouraud's Filtrate of F. sckoenteini 11683 Filtrate of T. rubrum 10272
Sample Sample Sam- Aver- Sample Sample Sample Sample A r Sample Sample Sample Sam- Aver-51 52 pie 53 age 51 52 53 ye age 52 53 pie 54 age
1 hour .03 .03 .07 .04 .17 .13 .13 .16 .15 .05 .10 .09 .15 .10
1 day .03 .02 .12 .06 .42 .29 .29 .27 .32 .08 .06 .08 .28 .12
2 days .03 .03 .08 .05 .66 .49 .44 .39 .49 .12 .05 .12 .39 .17
3 days .04 .06 .06 .05 .62 .47 .54 .14 .06 .17 .39 .19
5 days .06 .08 .03 .06 .89 .70 .79 .12 .08 .24 .48 .23
7 days .07 .11 .09 1.08 .75 .91 .60 .60
9 days .07 .10 .09 1.29 .82 1.0 .66 .66
11 days .09 .09 .09 1.45 .90 1.17 .72 .72
15 days .13 .13 2.24 2.19 2.55 1.89 2.22 .70 .70
Final pH 5.5 5.4 8.6 8.4 8.5 8.5 8.8
sterile culture filtrates. In all cases, after heat-
ing to temperatures of 70°C. or 100°C., the
culture filtrates were cooled prior to the addi-
tion of the wool. While some diminution in
keratinolytic activity is noted upon heating
the filtrate of T. schoenleini the keratinolytic
activity of both filtrates exhibits notable ther-
mostability.
Experiment 6. The relationship of kera-
tinolytic activity and pH of the filtrates was
investigated by dialyzing the filtrates against
a phosphate buffered saline solution and deter-
mining the activity of the non-dialyzable frac-
tion. It can be noted from the results in Table
VI that such dialysis diminishes the activity of
the filtrate of T. schoenleini and virtually
eliminates the activity of the filtrate of T.
rubrum.
Experiment 7. Because there appeared to
be a definite correlation between keratinolytic
activity and pH with increasing activity noted
with increasing pH, it was felt necessary to con-
firm the fact that this was not a non-specific
keratinolysis induced simply by change in pH.
For this reason, liquid Sabouraud's medium
was either acidified with acetic acid or alka-
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linized with ammonium hydroxide and incu-
bated with the wool. Table VII reveals little
keratinolytic activity in any flask except that
in which the pH was 2—2.3 and there is no
regularly observed trend in regard to a kerati-
nolytic effect with increasing pH in the range
of pH 3 to pH 9.
Experiment 8. Table VIII presents evidence
indicating that the macromolecular fraction of
the T. schoenleini filtrate seems to possess the
majority of the keratinolytic activity observed.
This would strongly suggest that more than
half of the keratinolytic activity is probably
TABLE IV
Release of radioactivity from radioactive wool by
sterile filtrates of T. schoenleini 11683 at 30°C.
Long term evaluation
Counts per minute released per mg of wOOl*
Control Filtrate of T. sthoessletni 11683
(wool + liquid
Sabouraud's
medium) Sample51
—
Sample52 Sample53
1 hour
2weelcs
4 weeks
6 weeks
Final pH
.04
.12
.00
.13
5.5
.09
1.16
1.45
1.42
7.5
.09
1.72
2.16
2.35
8.0
.06
2.20
8.4
Counts per minute released per mgm of wool
Filtrates of T. Filtrates of T.
Controls (wool
+ liquid
Sabouraud's
sclzoenleini 11683
+ wo1
ruirunz 10272 +
wool
—___________
medium dialyzed
to PH 7.0) Un-dialyzed(pH 8.4)
Dia-
lyzed to
p11 7.0
Un-
dialyzed
(pH 8.5)
Dja-
lyzed to
pH 6.9
1 hour
3 days
6 days
.09 I .14
.31 .51
.47 .69
.49
.60
.84
.10
.51
.74
.27
.66
.76
.16
.52
.59
9 days .44 I .72 .99 .88 1.03 .63
14 days .58 .83 1.54 1.09 1.29 .85
the result of an enzyme or enzymes greater
than 10,000 M.W. The fact that the ultra-
filtrate appears to degrade wool keratin to a
greater degree than noted in the control flask
suggests that smaller molecular substances, per-
haps non-protein in nature, contribute to the
observed keratinolysis.
DISCUSSION
The studies confirm our previous observa-
tions (1) which indicated that some strains of
Release of radioactivity from radioactive wool by heated sterile filtrates incubated at 30°C
Counts per minute released per mgsn of wool
TABLE VI
Effect of pH upon release of radioactivity from
radioactive wool by sterile filtrates dialyzed to
pH 6.9—7.0 against .04 M phosphate buffered
.05 M saline solution
* All values corrected for evaporation.
TABLE V
Control (wool + liquid
Sabouraud's medium) Filtrates of T. schoenteni 11683 Filtrates of T. rubrum 10272
1 hour
1 day
2 days
3 days
5 days
7 days
9 days
11 days
15 days
Unheated
.10
.23
.20
.26
.30
.33
.34
.35
.30
Heated
100°C
30 mm
.06
.11
.17
.14
.13
.19
.18
.21
.27
Un-
heated
.18
.37
.53
.34
.85
1.01
1.42
1.67
L99
Heated
100CC
20 mm
.22
.57
.63
.76
.86
1.06
1.23
Heated
70CC
5 mm
.18
.39
.58
.58
.69
.74
.85
.84
1.13
Heated
100°C
30mm
.21
.47
.65
.62
.79
1.13
.96
1.21
1.26
Heated
100°C
60 mm
.21
.45
.58
.64
.76
.91
1.00
1.12
1.10
Un-
heated
.37
.47
.64
.62
.72
1.01
1.03
1.13
Heated
l00C
20 mm
.22
.61
88
.94
1.10
1.28
1.32
Heated
70CC
S mill
.14
.42
.46
.53
.66
.85
.81
.91
1.14
Heated
100°C
30 mill
.21
.40
.41
.58
.62
.63
.72
1.00
1.01
Heated
100°C
60 mm
.21
.47
.53
.61
.75
.78
.84
1.03
1.19
Final pH 5.9 5.2 8.4 8.3 8.1 8.2 8.0 7.9 8.3 8.5 8.0 8.1
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TABLE VII
Effect of pH upon release of radioactivity from
radioactive wool in liquid Sabouraud's medium
(initial pH 5.5) by acidification of medium with
acetic acid and alkalinization with ammonium
hydroxide
Counts per minute released per mgm of wool
Initial pH
2 3 4 5 6 7 8 9
1 hour
I week
2 weeks
Final pH
.16
.26
.67
2.3
.13
.18
.12
3.2
.04
.02
.08
4.6
.07
.08
.07
5.5
.11
.21
.34
6.7
.05
.06
.18
7.1
.06
.06
.09
7.5
.06
.07
.14
8.2
Nickerson et at. (3, 4) in regard to their kera-
tinase, a crystalline enzyme isolated from a
strain of Streptomyces fradiae, which exhibited
maximum proteolytic activity for similarly pre-
pared wool substrate at pH 9. Ziegler (5) has
also shown keratinolytic activity for several
other dermatophyte strains to be optimum at
pH 9 or thereabouts. There is no evidence here
of non-specific degradation of wool keratin at
pH levels of 8—9.
The keratinolytic activity of T. schoenleini
observed appears to be about equally divided
between the fraction of molecular weight less
than 10,000 and the macromolecular fraction
which is probably protein in nature. The fact
that about half of the activity is lost by heating
TABLE VIII
Release of radioactivity from radioactive wool by sterile filtrates and fractions of
sterile filtrates of T. schoenlejnj (11683) at 30°C
1 hour
Counts per minute released per mgm of wool
Control (wool + liquid
Sabouraud's medium) Sterile filtrate of T.schoe,steini + wool
Macromolecular fraction of
sterile filtrate of T.
sckoenleini resuspended in
liquid Sabouraud's medium
Sterile ultra-filtrate of T.
schoenleini from which
macromolecules were
removed
pit CPM
5.5 .23
pH CPM pH CPM pH CPM
8.2 .40 7.3 .28 7.3 .37
20 days 6.4 .43 7.4 3.85 7.3 3.99 7.6 1.67
30days 6.1 .71 7.1 4.17 7.3 4.73 7.4 2.20
Trichophyton schoenleini and Trichophyton
rubrum possess keratinolytic activity for wool
keratin. In addition, the present report es-
tablishes the fact that the organisms exhibiting
such activity elaborate a diffusible substance
which digests wool keratin on the opposite side
of a semi-permeable membrane which prevents
intimate contact between wool and organisms.
This is further substantiated by the observation
that cell-free filtrates of the organisms grown in
Sabouraud's dextrose broth also are capable
of releasing radioactivity from ethylene oxide
sterilized radioactive wool.
Evidence is presented to show that the kerati-
nolytic activity is more intense at pH values
above 8 than at values of pH 7—8. This is in
substantial agreement with the recent studies of
the filtrate of T. schoerdeini suggests that the
protein fraction is denatured but the residual
activity may well be non-protein and ther-
mostable.
Since both the micromoleeular and macro-
molecular fractions seem capable of digesting
wool keratin separately, there is little to suggest
that any synergistic activity between the two
fractions is necessary for keratinolysis to occur.
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